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SHUTTLE TYPE RECORDING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a serial type recording 
apparatus for recording characters and images on a record 
ing medium While scanning a recording head against the 
recording medium. More particularly, the present invention 
relates to a shuttle type recording apparatus in Which a 
plurality of recording heads arranged at a predetermined 
interval can record divided recording areas for the respective 
recording heads. 

The present invention is particularly suitable for a record 
ing apparatus for recording by applying coloring agent on 
the recording medium in accordance With image data, and it 
is more particularly suitable for an ink jet type recording 
apparatus in Which liquid recording ink is discharged as the 
coloring agent to make a record. 

The present invention is applicable to any equipment 
Which uses the recording medium such a s paper, cloth, skin, 
unWoven cloth or OHP sheet and further metal or the like. 
Speci?c application equipments include office products such 
as a printer, a copying machine and a facsimile machine and 
industrial manufacturing machines. 

2. Related Background Art 
The serial type recording apparatus in Which recording is 

made While scanning the recording head, has been com 
monly used in various recording apparatus because it is less 
expensive than a recording apparatus in Which recording is 
made by using a full line head Which covers an entire Width 
of the recording medium such as recording sheet or the like. 

In the serial type recording apparatus, a material Which 
reacts to a heat generation element of a thermal head to a 
dedicated thermal sheet and a material Which cause a dedi 
cated photo-sensitive sheet to optically generate a recording 
color have been knoWn as the material to generate color of 
the coloring agent to the recording material. As a system to 
make a record by applying the coloring agent to the record 
ing material by the recording head, various systems have 
been put into practice and proposed. For example, an impact 
recording system in Which an ink ribbon having liquid ink 
impregnated as the coloring agent is pressed and abutted 
against the recording medium by a print Wire to transfer the 
ink, a thermal fusion transfer recording system or a thermal 
sublimation system in Which a heat generating element of a 
thermal head is reacted to an ink ribbon head having a solid 
coloring agent applied to transfer the ink and an ink jet 
system in Which liquid recording ink is discharged to make 
a record. 

Recently, from a stand point of plain sheet recording, the 
latter recording system for applying the coloring agent is 
main stream. Among them, the ink jet recording system has 
advantages of loW noise, loW running cost, easiness to make 
the apparatus compact, ability of plain sheet recording and 
easiness for color recording, and has been commonly used 
in the recording apparatus such as a printer and a copying 
machine. 

In the serial type recording apparatus, recording heads 
each of Which alloWs the recording only in a relatively small 
limited area of the recording element such as a discharge 
port provided in the recording head are arranged on a 
carriage and they are sequentially scanned to make a record. 
Thus, it is relatively difficult to increase a recording speed 
and the increase of the recording speed has been a problem 
for the serial type. 
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2 
On the other hand, in order to increase the speed of the 

image recording, it has been proposed and put into practice 
to increase a recording Width (arrangement range of record 
ing elements) of the recording head, to increase the carriage 
speed and a recording frequency to reduce a scan time for to 
scan bilaterally to make a record. HoWever, each system has 
limitation. For example, in order to increase the recording 
Width, corresponding improvement of precision in manu 
facturing the head is required and the recording head 
becomes expensive and a capacity of print buffer for tem 
porarily storing the record data increases so that a problem 
is raised in terms of cost. In the system in Which the color 
is generated by utiliZing heat or the coloring agent is applied, 
means for preventing the deterioration of the recording 
quality or the break of the head due to self-temperature-rise 
of the recording head is needed particularly When the 
recording Width is large. In the ink jet recording system in 
Which the liquid recording ink Which is not in contact With 
the recording medium, When a recording head of a large 
recording Width, means to prevent the deterioration of the 
recording quality due to cockling of the recording medium 
by absorption of moisture of the ink is complex. When the 
recording frequency is raised, it is necessary to increase the 
scan speed of the carriage to maintain a certain pixel density, 
but in this case, a load of a drive source increases and the 
recording quality may be deteriorated by vibration of the ink 
in the recording head due to the high speed of the carriage. 
A system Which is relatively effective to increase the 

speed of the serial type image recording apparatus is dis 
closed in JP-A-50-81437 and US. Pat. No. 4,272,771. This 
reference discloses that, in order to concurrently print on a 
left half and a right half of a print line, a left print head 
assembly and a right print head assembly supported by one 
carriage mechanism are used to attain the speed-up of 
approximately tWo times. It also teaches that a higher 
recording speed may be attained by increasing the number of 
print head assemblies to more than tWo or conducting the 
bilateral printing. 

HoWever, the prior art disclosed in the reference, in most 
cases, divides the recording areas merely from a stand point 
of high speed of recording. When a plurality of recording 
heads share the divided recording areas for recording, high 
speed recording may be attained for a sheet of a relatively 
large siZe as Well as for a sheet of a relatively small siZe, but 
even in such a case, it is desirable to make the apparatus 
compact by effectively utiliZing a scan space of the carriage 
on Which a plurality of recording heads are arranged. 

No prior art technique positively considers the overlap 
ping recording areas scanned by a plurality of heads in an 
overlapped manner. The prior art technique teaches that the 
overlapping record scan areas are to be eliminated as much 
as possible from a vieWpoint of the high speed recording. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
recording apparatus having a plurality of heads mounted 
thereon Which can produce record images of various siZes 
Without increasing the siZe of the apparatus. 

It is another object of the present invention to provide a 
recording apparatus Which can produce a record image of a 
large siZe as Well as a high grade record image With a small 
siZe. 

In order to achieve the above objects, in accordance With 
an aspect of the present invention, there is provided a 
recording apparatus for recording on a recording medium by 
using a plurality of recording heads comprising scan means 
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having a carriage capable of mounting the recording heads 
at a predetermined interval for causing the recording heads 
to scan corresponding divided recording areas; and record 
control means for causing the recording heads to conduct a 
?rst record mode to record an area of a ?rst recording Width 
in a direction of scan by shared recording by the recording 
heads of the corresponding recording areas and a second 
record mode to record an area of a second recording Width 
smaller than the recording Width of the ?rst recording Width 
by causing at least one of the recording heads to record in the 
corresponding divided recording area When the correspond 
ing divided recording areas are scanned, Wherein a distance 
betWeen tWo recording apparatus mounted at outermost 
positions in the arrangement of the recording heads on the 
carriage is not larger than a difference betWeen the ?st 
recording Width and the second recording Width. 

In accordance With another aspect of the present invention 
there is provided a recording apparatus for recording on a 
recording medium comprising scan means having a carriage 
capable of mounting a plurality of ?rst recording heads 
arranged at a predetermined interval and at lease one second 
recording head arranged betWeen the ?rst recording heads 
for causing the ?rst recording heads to scan corresponding 
divided recording areas, the second recording head having a 
different characteristic from those of the ?rst recording 
heads and the divided recording areas having entire record 
ing area of the recording medium divided in a direction of 
scan and record control means for causing the ?rst recording 
heads to conduct a ?rst record mode to recording areas of a 
?rst recording Width in the direction of scan by shared 
recording by the ?rst recording heads of the corresponding 
divided recording areas, a second mode to record an area of 
a second recording Width smaller than the ?rst recording 
Width by single one of the ?rst recording heads or by the 
cooperation of at least tWo of the recording heads and the 
second recording head and a third record mode to record an 
area of a third recording Width smaller than the recording 
Width of the second recording Width by the cooperation of 
one of the ?rst recording heads and the second recording 
head When the corresponding divided recording areas are 
scanned, Wherein a ?rst distance betWeen tWo ?rst recording 
heads mounted at the outermost positions in the arrangement 
of the ?rst recording heads on the carriage is not larger than 
a difference betWeen the ?rst recording Width and the second 
recording Width, and a second distance betWeen the ?rst 
recording heads and the second recording head is not larger 
than one half of the difference betWeen the ?rst recording 
Width and the second recording Width. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic top vieW of a recording 
apparatus to Which the present invention may be applied; 

FIG. 2 shoWs a schematic sectional vieW of the recording 
apparatus; 

FIG. 3 shoWs a block diagram of a drive unit of a 
recording head used in the recording apparatus; 

FIG. 4 shoWs a block diagram of a control unit of the 
recording apparatus; 

FIG. 5 illustrates right end recording in the recording 
apparatus; 

FIG. 6 illustrates sharing of recording areas in the record 
ing apparatus in accordance With one embodiment of the 
present invention; 

FIG. 7 illustrates a case in Which a recording head interval 
is larger than one half of a recording Width in the recording 
apparatus; 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
FIG. 8 illustrates a case in Which the recording head 

interval is smaller than one half of the recording Width in the 
recording apparatus; 

FIG. 9 illustrates a case in Which the recording head 
interval is one half of the recording Width; 

FIG. 10 schematically shoWs the recording apparatus in 
accordance With a con?guration 1 of the present invention; 

FIG. 11 schematically shoWs the recording apparatus in 
accordance With a con?guration 2 of the present invention; 

FIG. 12 schematically shoWs a case in Which tWo record 
ing heads of different recording characteristics are used in 
the recording apparatus in accordance With the con?guration 
2 of the present invention; 

FIG. 13 schematically shoWs the recording apparatus in 
accordance With a con?guration 3 of the present invention; 

FIG. 14 schematically shoWs other recording apparatus in 
accordance With the con?guration 3 of the present invention; 

FIG. 15 illustrates a head spacing in a recording head 
having all color discharging ports are integrally formed; and 

FIG. 16 illustrates a head spacing in a recording head 
having all color discharging ports are parallelly formed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present invention are noW 
eXplained With reference to the draWings. 

FIGS. 1 and 2 shoW schematic top vieW and schematic 
sectional vieW of the recording unit in an ink jet recording 
apparatus to Which the present invention may be applied. 
A recording medium P inserted to a sheet feed position 

(not shoWn) of the recording apparatus is fed to a recordable 
area of a recording head unit by a feed roller, not shoWn. A 
platen 10 is provided under the recording medium in the 
recordable area. A carriage 1 is bilaterally movable by a 
guide shaft 2. As a result, each of heads 4A and 4B on the 
carriage can reciprocally scan the divided recording areas 
assigned thereto. The recording heads 4A and 4B for dis 
charging inks are mounted on both sides of the carriage 1 
and ink tanks 5A and SB for supplying the inks to the 
respective recording heads 4A and 4B are mounted on the 
carriage 1. Thus, each of the recording heads 4A and 4B 
makes a record by discharging the inks in accordance With 
record data While it scans the corresponding area. 

A recovery unit (caps 6A and 6B) is provided beloW the 
platen 10 on a left side and at a center of the area through 
Which the carriage 1 may be moved, and it is used to cap the 
discharge ports of the recording heads 4A and 4B during 
non-record mode. Numerals 7A and 7B denote ink supply 
ports for introducing the inks into the recording heads 4A 
and 4B. 
The con?guration of the present invention provides a 

large effect even for monochromatic recording such as black 
and White. In the present embodiment, the color recording 
by using a plurality of inks is explained. 

The recording heads 4A and 4B having a group of 
discharge ports for each of ink colors such as black (Bk), 
cyan (C), magenta (M) and yelloW (Y) integrally formed, 
and the tanks 5A and 5B having ink tanks for storing the Bk, 
C, M and Y inks for supplying the inks to the recording 
heads 4A and 4B integrally formed are removably mounted 
on the both sides of the carriage 1. 
The 64 Bk discharge ports and 24 C, M and Y discharge 

ports, respectively, are integrally formed substantially trans 
versely to a scan direction at a density of 360 dpi, 
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respectively, and the respective groups of discharge ports are 
spaced by eight discharge port pitches. The tWo recording 
heads 4A and 4B are aligned to each other and mounted on 
the carriage 1. 

In FIG. 2, as one of maintenance unit of the recording 
heads 4A and 4B, tWo caps 6A and 6B are provided on the 
left side and at the center of the apparatus at the interval 
corresponding to the recording heads 4A and 4B. Each of the 
caps 6A and 6B is vertically movable. When the recording 
medium P is not present at the recording unit and the 
recording head is located at the cap position during the 
non-print mode, the caps 6A and 6B join With the recording 
heads 4A and 4B to cap them to prevent the increase of the 
viscosity due to the evaporation of the inks in the discharge 
ports of the recording heads 4A and 4B and the failure of 
discharge due to the solidi?cation. The cap 6B near the 
center is linked to a pump unit 17. The pump unit 17 is used 
to create a negative pressure in a suction recovery process to 
suck the ink from the discharge port of the recording head 
4A or 4B While the cap 6B is joined With the recording head 
4A or 4B. 

The pump unit 17 may be of any construction such as 
knoWn cylinder pump or tube pump. Since the cap has 
functions of forced recovery of the ink as Well as the 
prevention of evaporation, it is of quasi-atmosphere open 
structure to link the cap to atmosphere by a porous structure 
in order to fully suppress the evaporation of the ink and 
avoid a pressure variation in the cap due to a temperature 
change. The pump unit may be provided in both caps 6A and 
6B. In the present embodiment, in order to simplify the 
construction, the pump unit 17 is connected to only the cap 
6B near the center as described above. In the suck recov 

ering process for the left side recording head 4A, the 
carriage 1 is moved so that the cap 6B near the center may 
be used. Disposed liquid by the suction is sent to a disposed 
liquid tank (not shoWn). 

The left side cap 6A also functions as a preliminary 
discharge receptacle to be described later. Like the cap 6B, 
the cap 6A is of quasi-atmosphere open structure to link the 
cap to atmosphere by the porous structure such as the tube 
in order to fully suppress the evaporation of the ink and 
avoid the pressure variation in the cap due to the temperature 
change. 
As the maintenance unit of the recording heads 4A and 

4B, a blade 8 for Wiping the discharge ports of the recording 
heads 4A and 4B are further provided. The blade 8 is formed 
by an elastic material such as rubber in order to Wipe the ink 
and the treatment liquid attached to the discharge port 
forming planes of the recording heads 4A and 4B. The blade 
8 is used in common by the tWo recording heads 4A and 4B 
and is vertically movable by an elevator unit, not shoWn, so 
that it may assume an up position to Wipe the surface of the 
recording head and a doWn position at Which it does not 
interfere the surface of the recording head. TWo blades 8 
may be provided for the tWo recording heads 4A and 4B. In 
the present embodiment, in order to simplify the 
construction, only one blade is provided near the center so 
that it acts to the tWo recording heads 4A and 4B in common. 

As the maintenance unit of the recording heads 4A and 
4B, the preliminary discharge receptacle 9 is further pro 
vided on the opposite side to the home position (cap 
position). The cap 6A and the preliminary discharge recep 
tacle 9 are used to discharge the ink at a predetermined 
timing separately from the recording in order to prevent the 
change of the discharge characteristic and the change of the 
color tone due to the evaporation of the ink in the noZZle 

10 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
Which has not been used for a long time during the record 
mode or the record stand-by mode. Since it may be required 
even in the record mode, it must be provided in an area 
through Which the recording medium P does not pass. 
The ink jet recording head of the present embodiment 

adopts a recording system in Which heat generating elements 
Which are electro-thermal transducers are arranged for the 
respective ink discharge ports and drive signals correspond 
ing to the record information are applied to the heat gener 
ating elements to discharge the inks from the discharge 
ports. 

FIG. 3 shoWs a block diagram of a con?guration for the 
drive of the heat generation elements of the recording head 
4. 
The heat generating elements 41-1 to 41-160 generate 

heats independently from each other. Since a large current 
must be ?oWn at a time if all of those heat generating 
elements 41 are concurrently driven, a load of a poWer 
supply increases. Further, since an energy supplied to indi 
vidual heat generating elements is reduced by a voltage drop 
across a Wiring resistor, normal recording may not be 
attained. Thus, the problem in the image quality is a concern. 
Thus, in the present embodiment, the discharge ports are 
divided into 20 blocks With one block comprising eight 
discharge ports including eight discharge ports of color 
separation, and the drive timing for each block is adjusted by 
a signal from a decoder 43 to make a record as is done in the 
knoWn time division drive. The recording head 4 is tilted by 
an amount corresponding to the scan speed of the recording 
head 4 so that the linearly of the record is not lost by the time 
division drive. 
The ink in the ink liquid path Which Was quickly heated 

by the heat of the heat generating element 41 forms air 
bubbles by the ?lm boiling. By the pressure of the air bubble 
generation, the ink droplets are discharged toWard the 
recording medium P and characters or images are formed on 
the recording medium. The volume of the ink droplet of each 
color is approximately 40 ng. An ink liquid path linked to the 
discharge port is provided in each of the discharge ports. A 
common liquid chamber for supplying the inks to those 
liquid paths is provided for each color. 
The ink is supplied from the common liquid chamber to 

the ink tank 5 through the ink supply path. The heat 
generating elements 41 Which are electro-thermal transduc 
ers for generating a thermal energy used for discharging the 
ink droplets and electrode Wiring for supplying a poWer 
thereto are provided in the ink liquid path for each discharge 
port. Those heat generating elements 41 and the electrode 
Wiring are formed by a ?lm forming technique on a substrate 
made of silicon. A protection ?lm is formed on the heat 
generating elements 41 to prevent the ink from directly 
contacting to the heat generating elements 41. Further, a 
diaphragm made of resin or glass material is laminated on 
the substrate to form the discharge ports, the ink liquid paths 
and the common liquid path. In this manner, since the 
recording system Which uses the heat generating elements 
41 Which are electro-thermal transducers uses the air 
bubbles formed by the application of the thermal energy 
When the ink droplets are discharged, it is usually called a 
bubble jet recording system. 
AND gates 42-1 to 42-160 logically ANDs a selection 

signal for the time division Which is outputted from the 
decoder 43 and the image data outputted from a latch circuit 
44 and a heat enable signal Which de?nes a drive time to 
output a drive signal to the heat generating elements 41. A 
shift register 45 converts the serially inputted image data to 
parallel data and outputs it to the latch circuit 44. 
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As a monitor unit for the recording heads 4A and 4B, a 
temperature sensor 46 is provided in the recording head 4A 
in the present embodiment. Thus, an optimum drive condi 
tion of the recording head in compliance to the temperature 
of the recording heads 4A and 4B is determined and the 
maintenance unit is operated in accordance With the tem 
perature information to stabilize the recording characteristic. 

FIG. 4 shoWs a block diagram of a control unit of the ink 
jet recording apparatus of the present embodiment. Data of 
the characters or the images to be recorded (hereinafter 
referred to as image data) is inputted from a host computer 
to a reception buffer of the recording apparatus. Data for 
checking if the data is correctly transferred and data for 
indicating an operation condition of the recording apparatus 
are transferred from the recording apparatus to the host 
computer. The data in the reception buffer is temporarily 
stored in a print buffer (RAM) 24 While it is controlled under 
the management of a CPU 21, a control RAM 22 and a 
control ROM 23, and it is supplied to the recording heads 4A 
and 4B as the record data. The sheet feed unit 26 controls a 
drive source such as a motor to drive a sheet feed roller and 
a line feed roller by a command from the CPU 21 in 
accordance With the information of a sheet monitor unit 25. 
A carriage drive unit 28 controls a carriage drive source by 
a command from the CPU 21 in accordance With the 
information of a carriage position detecting unit 27. A 
recording head maintenance unit 30 maintains the recording 
head 4 and optimiZes the drive condition thereof by a 
command from the CPU 21 in accordance With the infor 
mation from a recording head monitor unit 29 comprising 
sensors for detecting the temperature of the recording head 
and the presence or absence of the ink. 

The carriage unit and the drive thereof in the present 
embodiment are noW explained in more detail. 

As shoWn in FIGS. 1 and 2, the carriage 1 is bilaterally 
movable along tWo guide shafts 2 (one of Which is not 
shoWn) so that it can reciprocally scan the recording area. 
The carriage 1 is driven and scanned forWardly and back 
Wardly in accordance With the rotational drive of the car 
riage motor Which is the carriage drive source 11 through the 
drive belt 3. 

In order to conduct the drive of the carriage drive more 
precisely, a linear encoder, not shoWn is used as a carriage 
position detecting unit. As the linear encoder, either optical 
type or magnetic type may be used. 

Since the present embodiment adopts the time division 
drive system as described above, if the scan speed of the 
recording heads 4A and 4B and the discharge interval for 
each block deviate, the record position of the ink is shifted 
and the record quality is loWered. Accordingly, it is desirable 
that the carriage feed speed is stable. 

Referring to FIG. 2, the operations and the positional 
relationship of the carriage 1, the carriage drive unit 28, the 
recording heads 4A and 4B and the recording head mainte 
nance unit 30 are explained in detail. 

FIG. 2 shoWs the position of the carriage in the left end 
recording. The left side recording head 4A is positioned at 
the left end of the entire recording Width PW and the right 
side recording head 4B is arranged on the carriage 1 With the 
head interval HW so that it is positioned at the left end of the 
overlapping recording width W Which is provided as 
required. That is, a relation of HW=(PW—WW)/2 is met. The 
head interval HW indicates a discharge port-to-discharge 
port distance of the recording heads 4A and 4B. 

FIG. 5 shoWs the position of the carriage 1 in the right end 
recording as opposed to FIG. 2. The right side recording 
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8 
head 4B is positioned at the right end of the entire recording 
Width PW and the recording head 4A is positioned on the 
right of the overlapping recording Width. At this time, the 
carriage 1 is moved to the right by the PSW (the recording 
area of the recording head). Accordingly, as shoWn in FIG. 
6, the recording head 4A records the left side PSW area of 
the entire recording Width and the recording head 4B records 
the right side PSW of the entire recording Width, and the 
center overlapping recording area WW is recorded by appro 
priate sharing of the tWo recording heads 4A and 4B. 
As described above, in the present embodiment, the 

preliminary discharge receptacles 6A and 9 are provided on 
both sides as one of the maintenance units of the recording 
heads 4A and 4B. It may be required to drive the carriage 
even during recording in order to move the recording heads 
4A and 4B to those positions. For the preliminary discharge 
of the recording head 4A, it is necessary to drive the carriage 
to the left additionally by the preliminary discharge Width 
MW from the left end of the entire recording Width, and for 
the preliminary discharge of the recording head 4B, it is 
necessary to drive the carriage to the right additionally by 
the preliminary discharge Width MW from the right end of 
the entire recording Width. The carriage scan Width therefor 
is SW (the scan area of the recording head). For the scan 
drive of the carriage 1, an acceleration/deceleration Width 
necessary for the rise and the fall is usually needed. The 
preliminary discharge may be conducted in the acceleration/ 
deceleration area of the carriage. In the present embodiment, 
since the acceleration/deceleration Width may be shorter 
than the preliminary discharge Width MW, the actual car 
riage scan Width SW need only consider the left and right 
preliminary discharge Widths MW and it meets a relation of 

SW=(PW+WW)/2+MW><2. 
A sum of distances from the discharge ports of the 

respective recording heads 4A and 4B to the carriage ends 
for the respective discharge ports is de?ned as ALT, and the 
Width CSAW of the scan space of the carriage 1 is a sum of 
the carriage Width and the carriage scan distance and it meets 
a relation of CSAW =PW+MW><2+ALT. 

The acceleration/deceleration Width or the preliminary 
discharge Width MW of the carriage and the distance and the 
sum ALT of the distances from the discharge ports of the 
respective recording heads 4A and 4B to the carriage ends 
are necessary spaces to construct the apparatus. Namely, 
When the unit for the capping is provided in the recording 
area as it is While taking the compactness of the apparatus 
into account, the space for the ALT must be established. 
Accordingly, the factor to determine the siZe of the recording 
apparatus, particularly the WidthWise siZe is the Width 
excluding the above necessary space and it is important for 
the compactness of the apparatus that the above Width 
substantially corresponds to the desired recording Width PW. 
This means that the sum of the discharge port interval HW 
betWeen the heads 4A and 4B and the recording area Width 
PSW of the head corresponds to the recording Width PW, 
that is, it meets a relation of HW=PW-PSW. For the 
compactness of the apparatus, it is preferable to meet at least 
HW <PW-PSW. 

On the other hand, in order to attain the high speed 
recording, the head interval HW is an important factor. An 
optimum head interval HW under the siZe constriction of the 
apparatus described above is noW explained. 

FIG. 7 shoWs a construction When the head interval HW 
is larger than one half of the recording Width PW. 

In this case, as seen from FIG. 7, When the movement of 
the carriage is set such that the positions of the discharge 
















